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INTRODUCTION
The suitability of duckweed in the diets of -fish,
livestock animals and humans have been the
subject of many investigations including the work
of Culley and (EPPs) (1973), Sutton and Ornes
(1975 and 1977), Amado et al (1980), Skillicorn et
al (1981), Landolt and Ktmdeler (1987), Mbagwu
el al (1990), Skillicom et al (1993) and Amali
al (1995) amongst others. Most studies on the
biomass production of duckweeds 1,yere carried out
using sewage effluent and nutrient solution with
very little attention paid to the establishment of
cultural condition as is the situation for ag,ri. cultural
crops.
Duckweeds are capable of absorbing nutrients from
its growth media to form plant tissues of high
protein content. Thus Landoll and Kandeler (1987)
reported a range of 6.8 to 45% crude protein from
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The biomass yields of duckweed (Lemna minor (L) was monitored in hydroponic media prepared by variously
extracting 0.50, 1.00 and 2.00g of dried chicken manure per litre of city water (tap water) supply. The culture media
consisting of aquaeous extract of the various manure treatments were made up to 12 litres in all cases with tap water
as control. Plastic baths of 25 litres capacity with 0.71m2 surface area were used as culture facility. Each bath was
stocked at a density of 30g.ni2 with fresh weed samples (i.e 21.30g/bath). Maximum yields were obtained at all
treatment levels and control on day 3 and based on the highest yield of 0.37gm' e (dry matter) obtained at 1.00g.1.:
manure treatment which was however not significantly higher (P>0.05) than the 0.36g.m' cri ,(dry matter) at
0.50g.1_,-1 media manure content, an average manure level of 0.75.1_, was selected and used to determine the
operational plant density. Thus fresh weights of 30 to 300g.mrl was grown in triplicate at 30g intervals for a period
of3 days. A regression equation of Y=2.6720 + 0.0012x with a corresponding maximum density or operational plant
density of 266g.& and yield of 0.98g.m-2,d"' (dry matter) were obtained. Further growth trials were carried out at
the operational density and manure levels of 0.50,0.75,1.00, 1.25, 1.50, 1.75 and 2.00g.L4 media manure
concentration giving a significantly higher yield (P0< 05) of .17g.in'; d (dry rnatter). This yield was however
doubled to between 2.21 and 2.24gm' (equivalent to 7.96 to 8.06mt.ha4,Yr-ldry matter on extrapolation) if 25%
and 75% respectively of the total weed cover were harvested daily within the experimental period. The role of some
dissolved plant nutrients (DPN) were also discussed.
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many parts of the World. The protein is also noted
to be of high quality with all the essential amino
acids present in levels comparable to the (FAO)
reference standard except for methionine. Also
Duckweed yields of 13 to 38mt. ha"' have been
obtained in commercial cultures in Bangladesh
(Skillicom et al 1993). These favourable attributes
not withstanding, duckweed may never become a
useful alternative feedstuff except suitable
husbandry techniques are developed that can ensure
the production of large quantities of weed with
fairly constant or predictable nutritional value.
Such husbandry requirements said to be site
specific (Skillicorn el al 1993) ought to be
established at all points of need. The development
of a cultural technique using only animal droppings
in the culture media is the major focus of the
study. Chicken manure was selected for use based
on the availability and ease with which large
quantities can be collected in the study area.
Materials and Methods Harvesting regime and biomass yield:
Optimum Manure Level: The biomass production
of duckweed iyas studied under triplicated media
chicken manure concentrations of 0.50g. L-',
1.00g.L-1 and 2.00g.L-' . The manure which were
collected from ECWA farms in Bukuru, were first
sundried to a constant weight then the different
weights constituting the treatments were extracted
in 12 litres of water contained in plastic bath of 25
litres capacity with surface area of 0.71112. City
water supply was used as control. Every bath was
stocked at the rate of 30g.m2 fresh weight. Based
on the results of an earlierpreliminary trial, (Amali
unpublished) which revealed peak yields after 3
days, then until there was no further appreciable
bio mas yield. The inedia pH, temperature, NH,
No,, and PO were detenuined prior to stocking
and at all weighing days using standard methods in
Mackereth et al (1978). Operational Plant Density:
The first experiment provided a basis in which an
optimal munure level of 0.75g.i vas derived. The
manure quantity was extracted as above in tap
water and the baths were assigned in triplicate to
different weed densities ranging from 30g to
300g.m-2 (fresh weight) at 30g intervals. The weed
were harvested after even, 3 da.ys, washed and
weighed as above. The biomass yields were
computed at each weed density and using a semi-
log graph (log of Yield against weed density) a line
of best fit was derived using the least square
method and using the equation of a straight line,
the operational plant density was derived. Water
temperature, pH and DPN (Dissolved plant
Nutrients measured above) were determined prior
(o stocking and at all harvests.
Optimum manure Level at Optimad .Density.
At the new weed density of 266g.111-: fresh weight)
derived from above. duckweed yields were again
monitored on a range of triplicated manure
treatments of 0.50g.L1 to 2.00g.1_21 at intervals of
0.25.L-' manure concentrations. The same
experimental protocol was maintained as in the first
trial. The weed were harvested after 3 days and the
mean dry weights Nv ere ,compared for significance
using one way analysis of variance and the
treatment means were ranked using Duncan's
Multiple range test.
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Based on the findings of Culley and Myres (1980)
266g.in-2 weed were stocked in six replicates at
media manure concentration of 1.25g.11. The baths
were randomly assigned the following harvest
pattern
1. Daily removal of 25% weed co-ver
7. Daily removal of 50% weed cover
Daily removal of 75% weed cover
Total harvesting of weed on day 3.
The partial harvesting was done by Slotting
wooden boards into the bath thus partitioning them
into harvesting compartments. Dry weight of the
yield were summed up and averaged per treatment.
Mean values were compared as above (trial 3).
RESULTS:
The media temperature was comparatively low with
mean of 23±1.25°C thus the pH were circum-
neutral with an average of 7.42 ± ().11. These
parameters were not affected by the manure
treatments. The mean biomass obtained during the
first trial is presented in Table 1. The highest
productions were obtained on day 3 at all treatment
levels and control while there were significant
reduction (P<0.05) in yield on subsequent days.
Also on day 3, the manure treatment of 1.00g.L-1
gave the highest biomass production followed by
the 0.50g.L-1 and 200g.L-1 manure treatments in
that order. The yields which were however not
statistically (P>0.05) different from one another.
were all significantly higher than yield at control.
The concentrations of the dissolved plant nutrients
(DPN) NO, -N and PO,P) are as presented
in Table 2. The concentrations increased with
increase in- media manure content in a dose
dependent manure.
The weed density had no influence on both the
temperature and pH. The temperature varied
between 18°C-22°C while the pH values were
fairly stable with a mean of 7.35 ± 0.12. Beyond
the 180g.m-2 weed density, more weed colonies
were submerged below those on the top. The mean
weed biomass production were as presented in
Table 3. The results revealed a steady increase in
biomass production with increasing weed density
up to a maximum of 180g.m-2 1,yeed density,
beyond wich :further in.crease in density resulted
into declining biomass yield. A semi-log
transformation followed by a regression analysis
gave the pattern presented in Fig. 1. The optimal
weed biomass or operational weed density of
266g.m-2 was derived from the regression equation
on figure 1. In figure 2, the measured DPN levels
declined with increase in weed density up to
150g. 111- 2 beyond whi.ch there vas another peak
which tend to crash again at weed density of
300g, m-2.
At the high weed density of 266g.m-.2, the culture
media maintained a fairly low temperature with an
average of 20,33 ± 0.67°C and circum-neutral pH
with mean of 7.30 ± 0,18. The mean biomass yield
al optimal weed density and valying manure levels
are presented in Table 4. The yields increased with
increase in media manure concentration up to -a
maximum at 1.g. L-1 beyond which there were
signific,ant decline in yield. Unlike the low weed
density, the biomass production beyond the
1.25g.L-1 manure levels were higher than the yields
at lower manure concentrations. The media DPN%
depletion as shown in figure 3 were lowest for both
N14. and No-N at 1.25g1-1 media manure content
while the R04-P concentration remained high at
between 70% and 85% at the same manure
trc.'.'atruent. On the average, over 60% of the
available media DPN were depleted at all treatment
The water temperature during the staggered
harvesting protocol was particularly high with an
average of 28.25 ± 0.34°C while the pH remained
stable with an average of 7.11 ± 0.03. The mean
biomass yield at the end of the culture are
presented in Table 5. Total yields were highest
when 75% of the weed were harvested daily. This
was followed closely by yields at 25% daily
harvesting rate: Both values which were however
not statistically different from each other (P>0.05)
were significantly higher (P<0.05) than yields at
50% daily harvesting rate and total harvest after
every 3 days.
DISCUSSION:
Experiments I and 3 provided a pattern in which a
positive correlation between all manure treatments
and yields of Leinna inirlOr was established. The
significimtly higher biomass yield on day 3 at all
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treatment and control levels did not however
conform with the 3-4 weeks exponential growth
period noticed by Reddy and DeB usk (1985). This
development may not however be due to nutrient
limitation since the nutrient media especially in the
first experiment was replaced eveiy 3 days. Since
the yield at both 0/50g.1:1 and 1.00g.L' manure
concentration were not significantly different in the
first trial, the mean of 0.75g.L-1 manure
concentration was used in the next trial.
Increasing the weed density resulted into
significantly higher yield especially at the optimal
weed density. The MaXi MUM of 0.98g.m-2
(equivalent to 3.35mt. ha" .yr-1 dry matter) is quite
low compared with biomass production range of
4.7 g.m°2 c1-1 to 6.0g. rn-2 .-1 reported by Reddy and
DeBusk (1985). This differences may be due to the
good balance of nutrients in the nutrient solution
(Hoaglands solution) used in their study. In the
present study, no special care was taken to control
the environmental factors, a situation which is
closer to field situations. The influence of chicken
dropping on the biomass production is limited as
shown by the lower yield even at optimal weed
density. While at optimal weed density and manure
concentration of 1.25g.L-L the yield was further
enhanced to 1.17g.m-2 (equivalent to 4.2mt.
the value still fals short of earlier yields in both
temperature and subtropical environments (Landoll
and Kandeler 1987). When different percentages of
the weed were harvested daily, as recommended by
Culley et al (1981) and Reddy et al (1983), the
new yields equivalent to 7.96 mt to 8.06 mt. ha"
yr at 25% and 75% daily rates of harvest
respectively are quite substantial compared to the
earlier yields recorded in the study. These yields
too if recorded in a field situation would be
superior to the yields reported for upland rice,
maize and new tine soyabean (TO x 1449 - 2D) by
IITA. (1962) in Nigeria.
In earlier studies where thz.' weed gromvn on sewage
effluent. R.eddy and DeBusk (1985) reported as
optimal, 3.10-22.80mg. L-' 0.04-1,5ing.L-1
NO,-N and 2.1 - 5.4mg.L-1 P for the growth
of duckweed Le111170 Millar. Similarly, Luond
(1980) using modified Hoagland's solution found
as optimal for the growth of duckweeds including
Lemna minor,14 - 35ing.L-1 NE4 -N and NO -
N, timen
0.07-10,86mg.I» PO4-P. They also discovered that
weed grown outside this levels died. The findings
of sharp (1978) cited by Landoll and Kandeler
(1987), revealed that duckweed could be grown
even in deionized water for about 2-3 days and
may remain alive in very dilute solutions for davs
or weeks using accumulated nutrients of the older
fronds. The reasons for the decline in yields after
media concentration of 1,25g.L" manure in the
present study is not very obvious since the mean
(DPN) contributions by manure as shown in Table
2 are quite low. This may however be attributed to
physical factors; For instance at 2,00g.I.: manure
load, the extract is quite viscous, a situation which
may impose stress due to osmoregulatory
difficulties on the plant. While the hydroponic
culture, of duckweed under tbe present experimental
set up has proved adequate for close monitor of
duckweeds cultural requirements, it is expected that
with the high rates of remineralization in tropical
ponds, direct application of dried Chicken dropping
will enhance better yields under field conditions It
is reconunended therefore that the requirements
established in the present study be extended to pilot
schemes in ponds as is the practice now in
Bangladesh.
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Table 1: Effect of varying manure levels on the biomass production of duckweed.
Mean Duckweed Biomass Yield/Time (g.dry wt;in-2.(14)
Mean values within the same column with same superscript are significantly the same
(P>0.05).
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Media Manure
Concentration
Init.
Biomass
(g.1-1) (g.in-2 Day 3 Day 6 Day 9 Day 12
0.00 1.43 0.20±0.0092 0.034.-0.002 0.02±0001 0.02±003"
0.50 1.43 0.36±0.012b 0.11±0.0191) 0.08±0.007" 0.03±0,004"
1.00 1-.43 0.37±0.0231) 0.07±0.006"b 0.07±0.009" 0.03±0.003"
2.(X) 1.43 0.34±0.010b 0.05±0.010"b 0.07±0.006" 0.05±0,006"
Ta
bl
e 
2:
 In
flu
en
ce
 o
f i
ne
di
a 
m
an
ur
e 
le
ve
ls 
on
 th
e 
co
nc
en
tra
tio
n 
of
 N
H
,,,
 N
o,
11
8
M
ed
ia
M
ea
n 
Co
nc
en
tra
tio
n 
of
 M
ea
s r
ed
 D
iss
ol
ve
d 
Pl
an
t N
ut
rie
nt
 ±
 S
.E
.(p
g.1
 )
M
an
ur
e
D
ay
 3
D
ay
 6
D
ay
 9
D
ay
 1
2
M
ea
n
Co
nc
.
(g.
 PI
N
I-1
1-
N
 N
O
3-
N
PO
4-
P
N
H
,-N
N
O
3-
N
P0
,-P
N
 -N
N
O
3-
N
P0
,-P
11
44
-N
N
O
3-
N
P0
 4
-P
N
H
,-N
N
O
3-
N
PO
4-
P
0.
00
0.
09
0.
42
0,
06
0.
04
0.
00
0.
40
0.
04
0.
35
0.
31
0.
29
0.
77
0.
09
0.
12
0.
39
0.
22
-
+
0.
00
7' 
+0
.0
00
' +
0.
00
0' 
±0
.0
0a
+
0.
00
'
±
0.
01
3"
 ±
0.
00
a
-
10
.0
00
' +
0.
00
3' 
±0
:2
03
'
+
0.
00
0' 
+0
.0
14
' +
0.
01
4'
±
0.
09
9"
±
0.
02
7'
0.
50
4.
80
4.
27
7.
20
4.
83
4.
13
6.
97
4.
00
3.
78
7.
22
3.
65
3.
65
6.
91
4.
32
5.
96
7.
08
+
0.
30
5b
 +
0.
04
0b
 ±
0.
16
9b
 ±
0.
12
0b
+
0.
06
71
' 1
0.
03
3b
 1
0.
04
0
+
0.
08
 1
 b
±
0.
10
3b
 +
0.
02
76
+
0.
10
3 
+0
.0
27
b 
+0
.3
47
b
±
0.
08
4b
±
0.
02
4b
1.
00
5.
49
9.
33
10
.4
2
5.
20
8.
73
9.
73
5.
48
8.
49
9.
67
5.
00
8.
21
8.
99
5.
29
8.
69
9.
70
+
0.
05
3b
 +
0.
23
3' 
+0
.2
73
' ±
0.
11
5b
+
0.
12
3' 
±0
.0
67
 ±
0.
06
1"
10
.0
93
' +
0.
08
3' 
±0
.1
15
"
+
0.
18
7"
 +
0.
17
9"
 ±
0.
05
6'
±
0.
02
27
'
±
0.
34
1'
2.
00
8.
13
11
.6
4
13
.5
2
7.
47
10
.5
1
12
.0
5
7.
71
10
.8
3
11
.9
2
6.
87
10
.8
3
11
.0
4
7.
55
10
.9
5
12
.1
3
+
0.
06
7' 
+0
.1
29
" +
0.
51
5"
 ±
0.
24
0'
+
0.
23
7"
 ±
0.
18
0"
 ±
0.
02
7"
±
0.
09
3d
 ±
0.
04
3d
 ±
0.
06
d
±
0.
02
3"
 ±
0.
10
3"
 ±
0.
27
7"
±
0.
02
33
1
±
1.
05
6"
Table 3: EtTects of weed stock density on the biomass yield at a media manure concentration of 0.75
g.1-1
Table 4: Influence of Varying Manure Levels on Weed Biomass Yield at Optimal Weed Density.
Mean value within the same column with same superscnpt are significantly the same (P>0.05)
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Media Manure Cone. (g.1.1) Mean Weed Biomass Yield ± S.E
(mg. dry wt, In-2 ,d.-1
0.00 (Control) 370.00±75.0551
0.50 740.00±37.859b
0.75 740.00+37.859b
1.00 743.33±103.495c
1.25 1173.33±29.267`1
1.50 966.67±193.764°
1.75 813.33±58.973r
2.00 876.67±82.932g
Weed Stock
Density (g.m-2) Mean Biomass Yield (g.dry wt.m."2
Control Media Manure Media
30 0.16±0.003 0.36±0.012
60 0.27±0.000 0.56±0.027
90 0.34±0.010 0.65±0.018
120 0.46±0.005 0.70±0.025
150 0.67±0.010 0.92±0.007
180 0.65±0.003 0.98±0.067
210 0.52±0.020 0.93±0.029
240 0.39±0.006 0.84±0.064
270 .31±0.008 0.89±0.009
300 0.33±0.032 0.87±0.023
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2.80
2.70
g 2.60
o
g 2.50
±)
2.40
3.00
3
O
o
o
o
y 2.6720 + 0.0012x
r 0.6226
i t- 1 -1 1 1 i
90 120 150 180 210 240 270 300
Weed Stock Density (gin-2)
Fig. i : Effects of Weed Stock Density on the Biomass 'Yield at a Media Manure
Concentration of 0.75 g.1-1
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Fig. 2 influence of Weed Stock Densitydn Some DPN Composition of the Culture Media.
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Fig. 3, influence of Manure Levels on the Percentage Depletion of DPNI at Optimum
Weed Density.
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